Nitric Oxide Alters Human Microvascular Endothelial Cell Response to Cyclic Strain.
BACKGROUND: Nitric oxide (NO), a potent vasodilator and inhibitor of platelet function, is elaborated constitutively by endothelial cells through the oxidation of l-arginine by endothelial NO synthase. Although several biochemical agonists, such as bradykinin, have been shown to stimulate NO production by the endothelium, the effects of physical factors have been less well characterized. We have previously examined the shear-stress-dependent induction of NO production by the endothelium, and others have examined the effects of transmural pressure on NO production. In the current study, we analyzed the effects of cyclic strain or load in the presence and absence of an NO agonist on endothelial cell proliferation. METHODS AND RESULTS: Subconfluent human microvascular endothelial cells were grown on deformable culture plates in media containing 10% fetal bovine serum and 1 mM l-arginine, and then subjects to either 0, 11, 18, or 27% cyclic strain at a frequency of 1 Hz. Nitrogen oxides (S-nitrosothiols and free NO) in media were measured by photolysis-chemiluminescence at the end of 24 hours, as were cell number, [(3)H]thymidine incorporation, and total cell protein. In the absence of an NO agonist, 11% cyclic strain produced a 73 +/- 17% increase in nitrogen oxides compared with control (P <.05), whereas 18 and 27 cyclic strain produced no significant increase in nitrogen oxides compared with control. However, cells subjected to 27% strain increased cell number (by 98 +/- 17%) and [(3)H]thymidine incorporation (by 16 +/- 4%, P <.05) compared with control. In an attempt to examine further the effects of endogenous NO on the cells' proliferation response to increasing levels of cyclic strain, we incubated human microvascular endothelial cells with 1 µM bradykinin and subjected them to 27% cyclic strain. In the presence of bradykinin and 27% cyclic strain, production of nitrogen oxides and endothelial NO synthase activity were increased by 110 +/- 37% and 135 +/- 7%, respectively (P <.05 compared with control); however, we observed no significant increase in cell number (5 +/- 5%), despite an 86 +/- 7% increase in [(3)H]thymidine incorporation (P <.05). CONCLUSION: These results suggest that endogenous NO production by human microvascular endothelial cells regulates their growth response to cyclic strain. Modulation of NO production in vivo in areas of the vasculature that are subjected to increased levels of strain may represent one potential mechanism by which to alter endothelial cell proliferation.